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·April8, 1993 

·Mr. Wayde M. Hartwick. 
United States Environmental Protection Agency 

. 'Region V; HSRL-6) . 
77 West Jackson Boulevard. 
Chicago, Illinois 60604 

Re: Transmit~! of Treatability Study Reports 
American Chemical Services (ACS} NPL Site 
.Griffith:~ Indiana . . 

Dear· Mr. Hartwick: 

Enclosed are five copies of the low. temperature thermal treatment (L TIT), soil 
vapor extraction '(SVE), and bioventing bench-scale treatability study reports· 
utilizing waste and soil samples from the Americar:t Chemical· Ser-vi~CS) 

. site. The purpose of these bench-scale treatability studies was to evaluate'the 
feasibility of these technologies to successfully treat the waste and contaminated 
soil matrice~ at the ACS site, and evaluate the potential for these technologies to 
achieve the clean-up levels listed in the Record of Dec~sion (remediation levels) 
for the ACS 'she. . . · · . · . · · . · ·. · 

These treatabiiity study reports ~how that the technologies can successfully from a 
. bench-scale. perspective treat theACS waste· anp contaminated soil matrices as 

was expected based the ACS Feasibility Study report. L TTT typically achieved 
>99.9% removaf o{ volatile organic compounds (VOCs) from the waste samples 
usyd in the treatability study. The SVOC remov~ls ranged from >77 .2% to 
>99.9%. Polychlorinated biphenyls (PCB) removals ranged from >98.6% to 
>99.3%. . : .· . . 

' . 

The removals of total VOCs from the contaminated soil samples using SVE · 
ranged from 99.3% to> 99.9%, but total SVOC removaf was approximately 52 %. · 
Bioventing with nutrient amendments'improved the SVOC removals to between· 
61.5% and 88.5%. The VOC removals for bioventing ranged up to :>99.9%. A 
more detailed summary o(the treatability studies is included with this letter as . 

'. . ' . . \ 

Attachment A. · 

The L TTT treatability study results for the waste ·matrix indicate _that the. 
remediation levels for VOCs and PCBs· were achieved, while SVOCs were 
reduced to the analytical detection limits. Based.upon the L TTT treatability study 
results, however, it is not pQssible to prove that all of the remediation levels for 
SVOCs were achieved due to matrix interferences limiting. the sensitivity of the· 

·methodology. The results o,fthe SVEand bioventingti'eiltability studies for the·· 

/ 
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WARZYN 
contaminated soil samples indicate that the remediation levels for VOCs were 
achie~ed. · · 

Based upon the SVE treatabllity study 'results, reductions in SVOC concentrations. 
were realized. However, SVOC remediation levels were not achie.ved. in those· 
instan~es where the initial concentrations exceeded their respective remediation. 
levels. It is not possible to prove that many of the SVOC remediation lev~ls were 
achieved usi'ng bioventing or SVE due to matrix interferences liinitin.g the 

·. sensitivity of the methodology.- The analytical method detection limits utilized 
were consistent with the U:nited Stated· Environmental Protection Agency Contract" 
Laboratory Protocol, but there .were also matrix interferences due to the . 
concentration of organic material remaining in the treated samples which elevated 
the· detection limits.· AnalytiCal detection limits will be an issue at full scale, 
implementa~cin of theses technologies. · · . 

Warzyn and Conestoga-Rovers & Associates (CRA) are convinced that L TTT of 
the waste matrix and SVE/bioventing for the contaminated soil matrix are the . 
appropriate technologies, but believe that due to uncertainties in scale-up, the .. 
complex nature of the matrices and high levels of contaminants at the site, it may 

. not be possible to achieve or demonstrate achievement of the each of the' 
individual remediation levels. Warzyn and CRA have previously questioned the 
methodology used to set the re-mediation levels. Unless adjustments are made to 
certain remediation levels, or a technical infeasibility waiver is granted, where 
appropriate, as part of the CERCLA review process, the remediation technologies .. 
selected in the ROD, which appear ~ell suited to, address the site contaminants 

·based on the treatability study results, will not meet each of the prescribed cleanup 
crireria · 

W arzyn and CRA look forward to meeting with you later this month to .discuss 
the results of the treatability study _and your thoughts on our request.to modify the 
approach· to the calculations of the remediation levels. · 

Sincerely, · · 

WARZYNINC. 

.'1/!~IJJI!tt4~ 
~: J. H{~per 'f ~ . Mark S. Rothas 
Project Manager Senior Project Engineer 

Enclosures: Attachment A . . . . 

MSR/njt/llr/mdb/MJH 
[CHI 104 94], 
20007001 

L TIT Treatability_ Report (5) . 
SVE Treatability Report (5) 
Bioventing Tre~tability Report (5) 

Mr. Wayde M. Hartwick- U.S. EPA April 8, 1993 
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A 

,.\ . SUMMARY. OF TREATABILITY 

STUDY RESULTS 

'.AMERICAN CHEMICAL SERVICES SITE 

. r 

L TTT TR.EAT ABILITY STUDY 

A low teinpera~ure thermal treatment. (L TfT) treatability study was performed by 
· Canonie Environmental Services Corp. (Carionie) on three waste samples from·· 
the American Chemical Ser\rices (ACS) site. The three samples included two 
from the Off-Site Containment Area: and one from the On-Site Containment Area. 
The On-Site Containment A~ea s~mple arid one Off-Site Containment Area · 
sample were spiked with selected contaminants in order to achieve higher 
concentrations considered to be more representative of reasonabl~ worst case· · 
levels based on the RI data. The Canonie treatability study system operated at a . 
maximum temperature ~f llOOOF and a: residence time of30 minutes. The 
treatability study samples were analyzed for volatile organic compounds (VOCs), 
semivolatile organic compounds (SV_QCs), and polychlorinated bip~enyls (PCBs) 
before and after treatment: The following summarizes the results of the L TTT . 
tre;1t~bility ~tudy. (Tables 1-7).: · · . · , · · · · 

• The LTTT treatability s'tudy results demonstrat~d that theACS buried · 
'waste cart potentially be treated to the greater.of the remediation levels.,. 
or the analytiCal detection lirriits u~der the optimum conditions that exist . · 
at the bench-scale. Residual non-volatile organic material is expected to 

·.remain in the treated waste at. percentageJevels based on the total 
. ·organic carbon· (TOC) r~sults for the coked solids. 

• For all three test runs, significant removal efficiencies were achieved for 
. VOCs, SVOCs, and PCBs .. For compounds with initial concentrations 
in excess of site remediation levels, the final concentrations were '' 
reduced to below the greater of the remediation level or the· aniilytical · 

', detec_tion limit. However; residuallevefs of VOCs were detected in the 

Results Treatabili Studies-American Chemical Services 



WARZYN 
treated waste s.amples. Low parts' per billion concentrations of several· 
VOCs were detected in the treated waste for one of the test runs. Two to 
three VOCs were detected in the treated waste for the other two test _ 
runs, but the detection limits were elevated. SVOCs and PCBs were 

· below· analytical detection limits in the treated waste for all three test 
runs. 

• · The initial concentrations and types of VOCs, SYOCs, and PCBs are 
considered representative for the On- a:nd Off-Site Areas. The addition. 
·of the spikiT)g solution to two of the test samples· was designed to 
· simulate a waste matrix f_ot treatability Study purposes. Because of the .· 
reasons discussed in the Canonie report, the spiking concentrations were- .. 
not reflected in the initial concentrations hased ·on the analytical data; It 
is believed that the treatability tests for the two spiked samples were 

. representative of reasonable worst case concentrations for the waste 
matrix, even though the analyticaldata cannot be used to support this . 

' ' . ·. 

presumption. 

• . The analytical detection limits exceeded the remediation levels in two of 
the test runs for the YOCs vinyl chloride, carbon· tetrachloride, and. 
1,1,2,2-tetrachloroethane and in all-three test runs for the SVOCs 
bi s(2 -c h 1 oro~thy 1) ether, hexa.c hl oro bu tadien~, 2,4- and 
2,6-dinitrotoluerie, hexachlorobenzene, pentachlorophenol, and 
carcinogenic polynuClear aromatic hydrocarbons (PAHs). The 
analytical detection limits were either consistent with the United States 
Ertviro·nmental Protection .Agency Contract Laboratory Program· Method 

. Detection Limits (CLP), or due to matrix- interferences caused by 
residual high boiling point organic materials remaining' in the waste. 
following ·treatment. 

• Residual non-volatile organic material remained in the treate~ waste 
based on the total ·organic carbon (TOC) results for the coked sol~ds and · 
matrix interferences observed during the VOC and SVOC analytical 
testing. 

-, 

The following factors associated with the effectiveness and operation of a 
_full-scale.L TTT system were rtot evaluated a.s part of a bench-"scale treatability 
study. These conditions will be evaluated during the Remedial Design and 
Remedial Action (RD!RA) phases of this project. · 

. . - . 

• The treatability study results may not be· appliCable to worst case 
.. maximum concentrations in the waste matrix that could be encountered· 

• .. 

.if excavated material is not adequately homogenized prior to treatment. 
· It is .believed that the unspiked composite waste sample can be 

considered representative'of weighted average contaminarlt 

Appendix A-Study Results April 8. 1993 
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WARZYN 
concentrations .(i.e., concentrations following blending of the excavated 
soil) in the defined waste areas for the locations and depths sampled in 
the Off:Site Containment Area, which were significantly lower than the 
maximum concentratioQs for individual contaminants me~sured during 
the ACS Remedial Investigation (RI). The spiked samples are believed 
to be representative of the ~aste matrix"(minus absorption effects). -. 

• Because of the composition of the waste matrix, poteiltial material 
han~ling problems will 'likeJy have to be- addressed during the des~gn -
phase. The "tackiness" of the sludge matrix, as well as the presence of 
fre-e liquids, could pose volatilization, blenQ_ing, handling, and 
conveyance problems during full-scale operation. The presence of 
sludge and free liquids was noted in the treatability study 'samples 
duri~g sampling and analysis activities (e.g., one sample s~parated into 
distinct liquid and so~id phases which could not b~. blended together~ 
during the analysis of initial concentrations). · 

• Depending_on the design ofa specific LTTT system, volatilized 
_organics can either tJe treated in the air phase or condensed for off~ site 
treatment or disposal. The economics of treating or disposing of a 
cqndensed residual wastestream versus operation of an air tr~atment 
system will have to· be weighed during the design phase prior to 
'selecting a full-scale L TTT system. The Canoilie treatability study : 
system condensed the volatilized organics for collection and off-site . 
treatment. This data can be used in future economic evaluations of 

· L TIT system operation. 
I - - -

• L TIT uni!s are typically designed to handleTOC levels ofl% to 10%. 
The Canonie system is repo~tedly capable of treating up to 10% TOC. 
Because of the high TOC levels in the waste. matrix across the site, 
which were reflected in·the treatability study samples, soil blending will 
likely be required to treatthe waste matrix at the Site. · -

• The high moisture levels in the treatability study samples (18.6 to 
29:2%) believed to be representative of site conditions~ will likely re-sult 
in ·slow processing_ rates. , 

SVE- TREAT ABJL.ITY STUDY . 

A s~il vapor extraction bench--sc~le treatability study was performed by Vapex 
Environmental Technologies, Inc. (Vapex) on two contaminated soil samples .. 
from the ACS site. The two soil samples included one each from the Off-Site 

I J , • ' , " • , 

Containment and Treatment ·Lagoon/Still Bottoms Areas. A third soil column· 
was run usirig a lower air flowrate to evaluate potential mass transfer limitations. 

Results Treatabili Studies-American· Chemical SeJVices 
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The laboratory soil column studies exchang~d· from 3,000 to 11 ,000 air p.ore 
volumes. The soil samples were analyzed for yoCs before and after the study. 
One of the three samples was also analyzed for SVOCs before and after the study. 
A summary of the ~VE treatability study results are. provided _below. 

• The SVE treatability study results demonstrated that the VOCs:in the. 
contaminated soil at the ACS Site can potentially be treated to the 
greater of the remediation levels or the analytical detection lini.its under 
the optimum conditions that exist·at the bench~s_cale. Some SVOC 
removal occurred during SVE treatment without nutrient enhancement. · 
However, the SVOCs which were initially detected irt excess of their 
remediation levels were not reduced-to below the remediation levels 

. after treatment. 

· • · For all three test runs, significant removal efficiencies were achieved for 
· the VOCs. For co.mpounds with initial concentrations in excess of site 
. remediation levels, the final concentrations were reduced to below the 
greater of the remediation level or the analytical detection limit: 

, However, residual levels of ·VOCs were detected in two of the -treated 
. ' ,· 

soil samples. One test run, which had the highest initial con~entrations,. 
had low to mid parts per million concentrations of the aromatic 

· hydrocarbons ethyl benzene, toluene, and.xylene '(ETX) remaining in 
the treated soil. The aromatic hydrocarbons were presen~ at the highest 
initial concentrations of the measure<i VOCs, and are among·the less. 
volatile, .and' thus more difficult (i.e., have lower vapor pressu.res), of the 
VOCs subject to removal by SVE. Low to mid parts per billio'n 
concentrations of a few VOCs were detected in the treated soil for the 
low air, flow ratetest run. All of the measured VOCs were below the 

· analytical detection lirriitsfor the thll:d test run. 

• · Some SVOC reductions. were observed based on the ending 
concentrations measured in the treated soil. The reduction in SVOC · 
concentrations can be attributed either to volatilization, biological · 
c;legradation, or analytical variance~ caused'by the sampling'of a 
potentially non-homogeneous soilmatrix. However, SVQCs initially 
detected in excess of their. respective remediation levds were not : 
reduced to below the remediation levels after treatment. The final 
concentrations for isophorone, hexachlorobutadiene, pentachlorophenol, 
and bis(2-ethylhexyl) phthalate were above their respective remediation 

·Ievefs. 

• Removalefficiencies for other SVOCs of .interest with relatively low 
remediation levels, bis(2-chloroethyl) ether and carcinogenic PAHs in 
particular, 90uld not be evaluated by the treatability. study, because they 
were not detected~ in excess of their resp~ctive analytical detection 

Appendix A;Study Results . Treatability Studies-American Chemical SeJVices AprilS, 1993 
Page4 



WARZYN 

' I 

' .. \ 

limits. Based on its vapor pressure,' SVE removal potential for 
bis(2'-chloroethyl) ether _should be simiiar to naphthalene and._ 

·. isophorone,two compounds which were f';mnd in the treatability study 
samples. As was the case with isophorone, some reduction in 
bis(2-,chloroethyl) ether wou_ld be· expected to occur· through 
volatilization and/or biological degradation. However, removal bel9w 
th~ remediation level would not be expected to occur in areas where 
bis(2--c.~hloroethyl) ether concentrations initially exceed its remediation 
level. · · 

• Little to n'o reduction in carcinogenic PAH concentrations would be 
expected ·to occur as a ~esult of SVE treatment based on their vap~r 
p"t;essures and resistance to biological degradation. Therefore, removal 
would not be expected to occur in areas where carcin9genic PAH 
coqc~ntrations initially exceed its remediation level.' 

• The totaL number of air pore volumesrequired.to achieve greater than 
1 90% VOC mass reduction was at the higher end of the 3,000 to 6,000 

' ' pore volume exchange ra'nge ty:pical ~fbench-scale treatability-studies. 
Tetrac.hloroethene would likely be a primary controlling compound for _ 
remediation purposes because of its relatively low remediation level, its 
high freque~cy of detec.tion and initial concentrations; and lower 
volatility (i.e., slower removal rate by SVE). The aromatic 
hydrocarbons ethylbenzene, toluene, and xylene also had slower . 

· .removal ~ates because of their lower volatility, but ·these compou-nds.· 
have higher remediation levels than tetrachloroethene. · 

' .I • 

-. Other VOCs with rel1Hively low remediation levels (e.g., carbon 
.te~rachloride, vinyl chloride, 1 '1 ,2-trichloroethan,e) were not tested, 
since they were not detected in the treatability study samples. It should _ 
be noted that these compounds did nothave a high frequency of 
detection based on the RI data.· Based on· their vapor pressures, SVE 
removal p'otential for carbon tetrachloride,' vinyl chloride, and 
1,1 ;2-trichloroethane should be similar to triChloroethene and· 
1 '1',1-trichloroethane,two compounds which were found in the 
treatability study· samples. The treatability study results for 
trichloroethene and 1, 1,1-trichloroethane demonstrate the ability of SVE 

-. treatment to 'potentially Il)eet the respective remedia_tion levels for 
carbon tetrachloride; vinyl chloride, and 1,1 ,2-trichloroetharie under the 
optimum conditions that exist at the bench-scale. 

• . The initial concentrations for the VOCs and SVOCs are representative 
of the On:..'and Off-Site Areas, but are not representative of localiz~d 
maximum concentrations measured during the Rl. -

Appendix A-Study Results April 8, 1993' . Treatability Studies-American Chemical Services 
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· • The analytical detection limits .~xceeded the remediation levels in one 
·test run· for the VOCs vinyl chloride, l, 1-dichloroethene, carbon 
·tetrachloride, (2-dichloro·propahe, 1, 1,2-trichloroethane, and 

. 1' 1 ,2,2-tetrachloroethane, as well as for the syocs bis(2-chloioethyl) 
ether, 2,6- arid 2,4-dinitrotoluene, hexachlorobenzene, and carcinogenic 
PAHs. The higher analytical detection lirnits'were either consistent with 
CLP protocol, or due to matrix interferences. 

·The following fa<;:tors associated with the effectiveness and operation of a 
full-scale SVE system could not be evaluated as part of a bench--scale treatability. 
study. These. conditions will·be evaluated during the RD/RA phases of this 
project. 

~ . ' t 

• Slower removal rates and higher final concentrations are usually· 
observed for full-scale SVE systems wlie'n compared against. 
-bench-scale treatability studies. Bench-scale SVE treatability tests 

. represent optimum, be~t case'conditions wh~r~ there is direct and 
continuous contact of air with the contaminants. These conditions are 
usually not uniformly .achievable throughout the entire treatment zone 
for. full-scale systems. Subsurface geologic heterogeneities and 

. obstructions and mass transfer limitations usually impact the 
contaminant removal rates and final concentrations which are. achievable 
for full-scale SVE systems. ·When the~e c'ondi'tions .exist, diffusio~ 
instead of advection (i.e., volatil~zation by direct contact wit}l air)' 
becomes the primary contaminant removal mechanism. VOC removal 
by diffusion mechanisms is a slower process than ad~ectiori. . · 

• The actual starting concentrations for the more water so,Iuble . 
contaminants may be higher at the site than.what was reflected in ·the 
treatability study samples and s~bsequent testing. The VOCs benzene, 
trichloroethene, acetone,_ and methyl ethyl ketone and the svoc 
bis(2-:chloroetbyl) ether were detected at lower concentrations in the. 
treatability study samples than their respective weighted average 
concentrations based on the RI data. The SVE. treatability study, 
therefore, could not test the ability to treat be.nzen<r and. 
bis(2-chloroethyl) et~er to ·their relatively low remediation levels. 

• Each of the above mentioned compounds are among the more soluble . 
VOCs and SVOCs in water, and likely exist to a sign~ficant extent in the 
soil moisture. Because the treatability study samples were prepared by 
compositing soil cuttings IJSing solid flight augers, the soil moistule 
levels and resulting concentrations of the more soluble VOCs, and 
SVOCs may have been lower than actual weighted average conditions. 
Higher concentrations of the more soluble contaminants will likely be. 
present at depth for treatment by the· full-scale SVE system. 

Results Treatabili StUdies-American Chemical SeJVices · 
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' . 

• The-. high soil moisture level at the Site will likely reduce the 
c6ntaminant remov_al ra~es_ and increase t_he remediation timeframe. 
High moisture levels block air flow paths (i.e., reduced air porosity) and 

,prevent diiect contact with contat1Vnants. ·Contaminants which dissolve · 
into the aqueous phase are also ·slower and more difficult to remove by 

. SVE. . '- . 

· inOVENTING TREATABILITY STUDY 
·,. 

' ' 

A bioventing bench-scale treatability study .was performed by Erivirogen Inc. 
(Envirogen) on a· reasonable Worst case contaminated soil sample from the 
Off-Site Containment Area. The study included.a nutrient amended column (i.e., 
bioventing), a non~amended column (i.e., SVE only), and an azide controi (i.e., 
reduced biological activity SYE column). Approximately 3,000 air pore volumes 
were passed through the coluhms. The samples were analyzed for VOCs and 
SVOCs before and after the column studies. A detailed summary is provided 
below. 

· • Based on a comprujson of the results for the control (i~e., azide) colu~ 
versus the non-amended and ·nutrient amended columns,.nutrient 
enhancem~nt significantly increased the removal efficiencies for the · 
SVOCs and moderately increased the removal efficiencies for the ETX 
compounds. The results of the bioventingtests demonstrate that most of 
the target non-chlorinated voc and svoc contamtnants are subject to' 
removal by biological degradation to varying degrees. 

• . Even though significant SVOC reductions occurredunder enhanced 
· bioventing conditions (i.e., nutrient enhanced column), SVOCs which 

were detected in excess of their respective remediation levels were not 
reduced· to below the remediation levels. Isophorone and· 

-bis(2-ethylhexyl)phth~late had fimil concentrations in excess of their 
--. remediation levels in ihe nutrient enhanced column. 

• The·SVOC removal efficiencies were greater for the SVE treatability 
_ tests than for the analogous non-amended biove~ting._treatability test. 
- This is likely due either t_o the higher mass ofoxygen w_hich was 

delivered during the SVE treatability tests (i.~., approximately . 
' 11,000 versus 3,000 air pore volumes) or analytical 'variances caused by·. 
the sampling of a potentially. non-homogenous soil matrix. · 

' ~ . . 

· • It appears that a significant portion ofthe acetone, 2-butanone, 
4-methyl-2-pentanone, benzene, ethyl benzene, xylene, and toluene 
reductions can .be attributed to biological degradation. This conclusion 

- ' 

Appendix A-Study Results AprilS, 1993 Treatability Studies-American Chemical Services 
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'' 

• 

• 

. ·. ' • 1 • . . ' 

is based on the mass -balance calculations performed for, the S.VE 
treatability tests (i.e., a significant portion of the VOC mass caimot be 
accounted 'for by the exhaust g~s measurements), as well·as a 
comparison of the exhaust gas measurements for the SVE and 
bioventing treatability tests (i.e., the individ~al 'contaminant 
concentratio'ns measured in the exhaust gas for the bioventing tests were 
lower). -
' ' 

The initial concentrations for the VOCs and SVOCs were equivalent to 
. those found in the SVE treatability test samples and can be considered · 
repreientative of the weighted average concentrations for the Off-Site 

·Area, but are not represeiitaiive of localized maximum concentrations 
measured during-the RI.'' -

The site conditions appear to be capable of supporting enhanced . 
biological activity. · · 

the foilowing factors associated-with the effectiveness ~nd operation of a 
. full-scale bioventing system could not be evaluated as part of a bench-scale 
treatability study. These conditions· will likely have to be evaluated during the 
RD/RA phase's of this project. · · · 

• Slower removal rates and higher final concentrati~ns are usually 
. · observed (or full-scale SV_E and bioventing systems when compared 

against bench~scale tieatability studies. Bench-scale SVE and 
' bioventing tests represe~t optimum, best c~se conditions' where there is 
direct and coryt~nuous contact of air and nutrients With the contaminants. 
These conditions are usually not uniformly achievable throughout the 
entire tr~atment zonefor_full-scale systems. Subsurface geologic 
heterogeneities ·and obstructions ~nd nutrient transport mechanisms" 
usually impact the ability· to uniformly deliver oxygen and nutrients to. 
all areas and depths of the treatment zone. 

• The' feasibility and cost _effectiveness of various in-situ nutrient delivery 
systems would have to be-evaluated. Surface sprayi~g/irrigation and 
infiltration galleries are the primary methods of delivering nutrients to' 
the unsaturated zone. The ability·to effectively deliver nutrients to the 
unsaturated zone is typically limited to a relatively small and shallow 

MSR/n:S/ · 
[CHI 10494] 

-source area. 
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TABLE 1 
SUMMARY OF BENCH SCALE PERFORMANCE - CANONIE LTTI 

OFF-SITE CONTAINMENT AREA 

PARAMETER 

ACETONE 

METHYLENE CHLORIDE 

1,1 DICHLOROETHENE 

1,1 DICHLOROETHANE 

CHLOROFORM 

1,2 DICHLOROETHANE 

2-BUTANONE 

1,1,1 TRICHLOROETHANE 

'DICHLOROPROPANE 

ANS-1,3-DICHLOROPROPENE 

TRICHLOROETHENE 

DIBROMOCHLOROMETHANE 

BENZENE 

CIS-1,3-DICHLOROPROPENE 

BROMOFORM 

TETRACHLOROETHENE 

TOLUENE 

CHLOROBENZENE 

ETHYL BENZENE 

STYRENE 

XYLENES, TOTAL 

~ ROCHLOR 1254 

SVOCs 

PHENOL 

2-METHYLPHENOL 

4-METHYLPHENOL 

ISOPHORONE 

2,4-DIMETHYLPHENOL 

NAPHTHALENE 

HEXACHLOROB UT ADIENE 

2-METHYLNAPHTHALENE 

DIMETHYL PHTHALATE 

DIETHYL PHTHALATE 

PHENANTHRENE 

DI-N-BUTYL PHTHALATE 

BUTYLBENZYLPHTHALATE 

BIS(2-ETHYLHEXYL)PHTHALA TE 

NOTE: Initial non-detects not listed 

INITIAL 

<MG/KG) 

110 

1,500 

30 

100 

43 

3,200 

560 

1,300 

27 

25 

3,700 

28 

490 

22 

28 

1,400 

2,200 

67 

870 

420 

3,700 

77 

150 

10 

21 

150 

10 

100 

17 

64 

12 

6.6 

3.3 

71 

51 

210 

TREATED 

<MG/KG) 

0.19 

0.29 

0.0064 

ND (0.005) 

0.0036 

0.0084 

ND (0.1) 

0.044 

ND (0.005) 

ND (0.005) 

0.03 

ND (0.005) 

0.023 

ND (0.005) 

ND (0.005) 

0.048 

0.034 

0.026 

0.027 

0.014 

ND (0.005) 

ND (1) 

ND (0.33) 

ND (0.33) 

ND (0.33) 

ND (0.33) 

ND (0.33) 

ND (0.33) 

ND (0.33) 

ND (0.33) 

ND (0.33) 

ND (0.33) 

ND (0.33) 

ND (0.33) 

ND (0.33) 

ND (0.33) 

ROD 

REMEDIATION 

LEVEL <MG/KG) 

80 

6.2 

0.098 

77 

9.5 

0.64 

21 

77 

0.42 

5.3 

1.1 

167 

5 

43 

1.7 

867 

2 

7.2 

3 

0.36 

77 

1.1 



TABLE 2 
SUMMARY OF BENCH SCALE PERFORMANCE- CANONIE L TIT 

OFF-SITE CONTAINMENT AREA (spiked) 

ROD WARZYN WARZYN 

PARAMETER INITIAL TREATED REMEDIATION RESIDENTIAL INDUSTRIAL 

<MG/KGl (MG/KGl LEVEL (MG/KQ) STD. <MG/KQ) STD. <MG/KG) 

VOCs 

ACETONE 113 1.2 80 RLT RLT 

1,1 DICHLOROETHENE 103 ND (0.5) 0.098 3.5 0.38 

1,2 DICHLOROETHANE 202 ND (0.5) 0.64 23 32 

2-BUTANONE 91.4 ND (10) 21 NA NA 

1, 1,1-TRICHLOROETHANE 1,110 ND (0.5) 77 NA RLT 

TRICHLOROETHENE 378 ND (0.5) 5.3 191 408 

~TRACHLOROETHENE 874) ND (0.5) 1.1 41 157 

JLUENE 783 ND (0.5) 167 RLT RLT 

ETHYLBENZENE 146 ND (0.5) 43 RLT RLT 

XYLENESTOTAL 830 ND (0.5) 867 RLT RLT 

PCBs 

AROCHLOR 1248 150 ND(l) 2 

SVOCs 

PHENOL 15.4 ND(l.65) RLT RLT 

NAPHTHALENE 45.8 ND(l.65) 3 RLT RLT 

ACENAPHTHALENE 1.04 ND(l.65) 

.ENANTHRENE 1.26 ND(l.65) 

DI-N-BUTYL PHTHALATE 33.7 ND(l.65) 77 RLT RLT 

BUTYLBENZYLPHTHALATE 9.4 ND(l.65) 

BIS (2-ETHYLHEXYL) PHTHALA' 162 ND(1.65) 1.1 144 537 

CHRYSENE 7.25 ND(l.65) 75 306 

NOlE: Initial non-detects not listed RL T= Relatively low toxicity 



TABLE 3 
SUMMARY OF BENCH SCALE PERFORMANCE- CANONIE L TIT 

ON-SITE CONTAINMENT AREA (spiked) 

PARAMETER 

VOCs 

CHLOROMETHANE 

ACETONE 

2-BUTANONI~ 

1;1, I-TRICHLOROETHANE 

TRICHLOROJ:<:THENE 

nSNZENE 

~TRACHLOROETHENE 

TOLUENE 

ETHYLBENZENE 

XYLENESTOTAL 

PCBs 

AROCHLOR 1248 

SVOCs 

ISOPHORONE 

NAPHTHALENE 

NOTE: Initial non-detects not listed 

INITIAL 

(MG/KGl 

6,340 

86,600 

6,000 

19,700 

134 

5,110 

3,900 

353 

159 

1,960 

72.3 

225 

13 

TREATED 

(MG/KGl 

ND (1) 

0.58 

ND(lO) 

8.7 

ND (0.5) 

ND (0.5) 

ND (0.5) 

ND (0.5) 

ND (0.5) 

ND (0.5) 

ND (1) 

ND (0.33) 

ND (0.33) 

ROD 

REMEDIATION 

LEVEL (MG/KG) 

80 

21 

77 

5.3 

1 

1.1 

167 

43 

867 

2 

7.2 

3 



. ' 

TABLE 4 
SUMMARY OF BENCH SCALE PERFORMANCE- ENVIROGEN BIOVENTING 

OFF-SITE CONTAINMENT AREA (nutrient amended) 

PARAMETER 

4-METHYL-2-PENT AN ONE 

TETRACHLOROTHENE 

ETHYLBENZENE 

XYLENESTOTAL 

TOLUENE 

ISOPHORONE 

NAPHTHALENE 

BIS (2-ETHYLHEXYL) PHTHALA' 

DI-N-BUTYLPHTHALATE 

NOTE: Initial non-detects not listed 

INITIAL 

<MG/KG) 

71 
210 
580 

3,280 
990 

130 
230 
610 
350 

TREATED 

<MG/KG) 

<9 
26 

<9 
328 

<9 

so 
140 
70 

55 

ROD 

REMEDIATION 

LEVEL. <MG/KG) 

21 
1.1 

43 
867 
167 

7.2 
3 

1.1 

77 



I. 

'' ... 

Parameter 

TABLE 5 
SUMMARY OF BENCH SCALE PERFORMANCE- VAPEX SVE 

TREATMENT LAGOON AREA (low air flowrate) 

INITIAL TREATED 

ROD 

REMEDIATION 

(MG/KG) (MG/KG) LEVEL. (MGLKG} 

VOCs 

ACETONE 37 <0.028 80 

2-BUTANONE 20 <0.028 21 

1,1, 1-TRIClll..OROETHANE 18 <0.028 77 

4-METHYL-2-PENT ANONE 40 <0.028 21 

TOLUENE 86 <0.028 167 

TETRACHLOROETHENE 18 <0.028 1.1 

ETHYL BENZENE 56 0.044 43 

TOTAL XYLENE 262 0.43 867 

. fE: Initial non-detects not listed 



. ' ' 

PARAMETER 

VOCs 

ACETONE 

2-BUTANONE 

TABLE 6 
SUMMARY OF BENCH SCALE PERFORMANCE - V APEX SVE 

TREATMENT LAGOON AREA 

INITIAL 

(MG/K.Gl 

27 

23 

ROD WARZYN 

TREATED REMEDIATION RESIDENTIAL 

<MG/KG) ~VEL. (MG/KQ} STD. <MG/KG> 

<0.006 80 RLT 

<0.006 21 NA 

WARZYN 

INDUS1RIAL 

STD. <MG/KG) 

RLT 

NA 

1, 1, 1-lRICHLOROETHANE 40 <0.006 77 NA RLT 

TRICHLOROETHENE 14 <0.006 5.3 191 408 

4-METHYL-2-PENT ANONE 48 <0.006 21 NA RLT 

TOLUENE 140 <0.006 167 RLT RLT 

TE1RACHLOROETHENE 30 <0.006 1.1 41 157 

. HYLBENZENE 86 <0.006 43 RLT RLT 

TOTAL XYLENE 420 <0,006 867 RLT RLT 

SVOCs 

BIS (2-CHLOROETHYL)ETHER 2 <0.4 0.027 2 8 

ISOPHORONE 23 9.6 7.2 536 2,179 

NAPHTHALENE 10 0.6 3 RLT RLT 

HEXACHLOROBUTADlliNE 2 2 0.36 28 110 

PENTACHLOROPHENOL <0.9 5.4 0.43 19 81 

BIS (2-ETHYLHEXYL)PHTHALA 1 76 35 1.1 144 537 

DI-N-BUTYLPHTHALA TE 15 8.8 77 RLT RLT 

•TE: Initial n()n-detects not listed RL T= Relatively low toxicity 



• O' ~ I .... 

PARAMETER 

TABLE 7 
SUMMARY OF BENCH SCALE PERFORMANCE- V APEX SVE 

OFF-SITE CONTAINMENT AREA 

INITIAL TREATED 

ROD 

REMEDIATION 

(MG/KG> <MG/KG) LEVEL. <MG/KG> 

VOCs 

1,1,1-TRICHLOROETHANE 57 <0.78 77 

4-METHYL-2-PENTANONE 62 <0.78 21 

TOLUENE 1,200 1.6 167 

TETRACHLOROETHENE 220 <0.78 1.1 

ETHYL BENZENE 440 3.4 43 

TOTAL XYLENE 2,490 26 867 

TE: Initial non-detects not listed 




